of patients will be treated unnecessarily, since the full facts of the case may not be available to the person on the spot when the arrest occurs. In this series, this situation has happened not infrequently. Fortunately, the use of external compression has largely eliminated the distress caused to relatives by over-enthusiastic treatment. The age distribution of the patients treated is shown in Table 1 . A further analysis of the results is presented in Tables 2-7.
Complications ofTreatment As would be expected from such a vigorous approach a certain amount of physical damage to the subject is inevitable. However, serious complications have been infrequent. The sternum has been fractured in 2 patients who survived and ventilation had to be maintained mechanically until fixation was achieved surgically. Unfortunately, one of these patients subsequently died. Other cases have suffered fractured ribs, and a haemothorax has been seen on a number of occasions.
One rather startling complication of external cardiac compression has been the rapid return of consciousness resulting from effective treatment. For this reason we have now added a supply of anesthetic drugs to the cardiac arrest trolleys.
Conclusion
Every hospital should make its own arrangements for the emergency treatment of cardiac arrest. It is essential to ensure that equipment is adequate and that both doctors and nurses receive regular instruction in methods of treatment. Automatic External Cardiac Massage Machine Some eighteen months ago it was thought that it might be useful to investigate the effects on the circulation of prolonged external cardiac massage or compression. The experiments required that the rate of compression and the pressure wave contour should, though variable, be constant, once set, for periods of over an hour.
An automatic machine analogous to a respiration pump was designed in conjunction with a firm of engineers specializing in automatic air powered machines in industry. The power required to carry out external cardiac massage in the human patient is relatively largebetween a quarter and a half horsepowerand this output can be maintained for only ten minutes or so by the average man. It was intended that the machine design should be such that it could be adapted to human use in emergency and that it should be fully portable. These requirements excluded electric mains or batteries as a prime energy source and as oxygen is necessary for lung inflation its simultaneous use as a source of power seemed desirable. It is possible to design a machine in which the chest compression ram is operated by compressed gas while the timing circuit is operated by electrical or electronic means but this mixture of actuating sources is likely to be unreliable in an apparatus which may remain idle for long periods and may be subjected to rough and unskilled handling. The extension of automation in industry has shown that operations of the type required by external cardiac massage through the unopened chest wall are best carried out by compressed gas devices and that such machines can be accurately controlled by airoperated timing circuits.
The prototype machine shown in Fig 1 weighg 20 lb and, once set, is simple to operate even by semi-skilled persons. The usual 24 cu. ft. oxygen cylinder will run it for about half an hour and the frame can be fitted over the human chest in less than a minute. The timing circuit can be set to compress the chest at any desired rate and for a variable number of strokes when the machine automatically stops to inflate the chest. The pressure applied to the chest is infinitely variable, without stopping the machine, from a few pounds to over 100 lb. The force applied is indicated by a gauge close to the hand wheel controlling it. This control is the only one requiring attention during operation of the machine, the rate and pressure wave configuration having been set in _ '~~~ advance by adjustment of the pin valves in the timing circuit, which are then locked. Before starting, the chest pressure control is set at zero and rotated until the desired deflection of the chest wall is obtained. The entire operating mechanism, including the oxygen tank reducing valve, is mounted on the cross beam of the machine. Both cross beam and supports are quickly detachable for fitting and are fully adjustable. The artificial circulation induced by the machine in 20 dogs subjected to cardiac arrest by potassium chloride was studied in the surgical laboratories of the Westminster Hospital Medical School with Mr N L Browse. The results of these experiments will be published later but preliminary study indicates that while it is possible to maintain a systolic blood pressure in dogs between 40 and 80 mmHg for several hours, the circulation is far below that which might be suggested by these figures. A major difficulty was caused by the shape and extreme flexibility of the chest in the experimental animals (dogs) and the mobility of the heart within it. Unlike the human patient, when pressure is applied to the dog's chest the whole contents are compressed and these include the great veins as well as the heart and arteries so that a rise in the venous pressure occurs simultaneously with a rise in the arterial pressure during mechanical systole. Blood flows only during 'diastole,' that is, when pressure is removed from the chest. It is not surprising to find that in these animals the circulation time measured by dye dilution tests is less than a fifth of the normal values and the presence of a very slow circulation is confirmed by arterial and venous blood oxygen saturation studies. Nevertheless the sole survival experiment attempted was successful. One animal with induced cardiac arrest for half an hour was maintained on machine circulation and recovered consciousness within two hours without signs of cerebral injury. Postmortem examination five days later showed no signs of liver, renal or lung damage. Visceral or chest wall injuries were found in two animals during the earliest experiments but there are encouraging signs that major visceral damage can be prevented by the precise control available in these machines. Dr W N RolLason (Aberdeen) asked Dr Sykes two questions: (1) Would it not be an advantage to include an extemal pacemaker on his main resuscitation unit so that asystole could be treated without resort to thoracotomy? (2) Was the EEG of prognostic value in cases where resuscitation successfully restored an adequate circulation and respiration, but unconsciousness was prolonged?
With reference to training aids, Dr Rollason found the Ambutype AM manikin more valuable than the Resusci-Anne for teaching external cardiac compression as well as expired air resuscitation. An important practical problem was that while most men produced an adequate circulation, many women had not the strength to do so in the simulated adult patient. He believed that the order of priority in teaching should be (1) to establish a clear airway which could be demonstrated by performing two or three expired air respirations, (2) to perform effective external cardiac compression, and (3) when possible to elevate both lower limbs.
Dr R A Binning (Hove) thought that the training programme adopted by the British Red Cross, St John and St Andrew's ambulance organizations, who anticipated teaching the technique of emergency resuscitation to 300,000 of their members during 1964, had ensured that there was a danger that the first-aider would be better trained in the technique than the members of the medical profession. He was glad that Dr Sykes had emphasized the importance of a training programme but, in view of the rapid changeover of medical and nursing staffs in hospital, he thought it was important that this programme should be repeated at six-monthly intervals at least. He had found the use of films such as the 'Pulse of Life' and the more recent film produced by the Admiralty invaluable in this connexion. Dr P V Cole (London) said that he had examined the DC defibrillator mentioned by Dr Beard and thought that it worked extremely well. Its excessive weight, largely due to bulky paper condensers, considerably reduced its clinical usefulness. Electrolytic condensers, nowadays nearly as reliable as paper ones, were just as efficient. So far as he knew no English manufacturer was yet using these in DC defibrillators.
DrColefeltthat an objective method ofassessing the comparative effectiveness of AC and DC defibrillators had not yet been found, and that the paper by Lown et al. (1962, Amer. J. Cardiol. 10, 223) could not be described as a truly comparative study. Dr Sykes, in reply to Dr Rollason, said it would be an advantage to include an external pacemaker on the main resuscitation unit. Most of the commercially available DC defitrillators included a pacemaker. The EEG was of doubtful prognostic value in the situation mentioned.
